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(57) Abstract: A mirror display device (1) which can be simultaneously used for display purposes, based on a display (5), which 
display device during use provides light of a first (circular) polarization, with a switchable polarizing mirror (2) placed in front of 
it. The reflectivity of such a mirror display device is enhanced by providing between the display device and the polarizing mirror a 
second switchable (circular) polarizer (11). 
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Mirror with built-in display 



The invention relates to a polarizing mirror for viewing purposes having a first 
plane reflecting light of a first kind of polarization to a viewing side, the mirror passing light 
of a second kind of polarization and being provided with a display device at its non-viewing 
side, which display device during use provides light of the second kind of polarization, the 
5 polarizing mirror being switchable between a state passing light of the second kind of 

polarization and reflecting light of the first kind of polarization and a state passing light of 
both kinds of polarization. 

A "mirror for viewing purposes" or "display mirror" in this application refers 
to a mirror, via which a person's eye (or an artificial eye like a (infra-red) camera lens) sees a 

10 reflected part of the outside world. As examples one may think of large mirrors, like 

bathroom mirrors, full-length mirrors in fitting rooms or even mirrored walls. Other examples 
are medium sized mirrors, like outside mirrors for trucks or dressing-table mirrors. 

By "having a first plane reflecting light of a first kind of polarization" it is 
meant that a mirror plane acts as a polarizing plane. When in use, light within a certain range 

15 of a wavelength of light incident on a polarizing plane will be divided in two components one 
which is reflected by the polarizing plane and one of which passes through the polarizing 
plane. Generally most known is the division of light in two components having linearly 
polarized, perpendicular directions of polarization. In this particular application light is 
generally supposed to be divided in right-handed and left-handed circular polarization but the 

20 invention is equally applicable to light being divided in linearly polarized, perpendicular 
directions of polarization. 

The displays in examples based on circular polarization are supposed to 
provide light of the second kind of circular polarization, which does not exclude displays, 
which do emit or provide (e.g. an LCD having a backlight) linearly or non-polarized light. 

25 Linearly polarized light as generally provided by LCDs may be converted into circularly 

polarized light by means of a quarter lambda plate, while non-polarized as generally provided 
by e.g. (O)LED -displays or plasma displays may be converted into circularly polarized light 
by means of a 54 lambda plate (retarder). 
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A display mirror of the kind mentioned above is described in the pending 
European Applications Serial number 02076069.2, filed on March 18, 2002 and Serial number 
02079306.3, filed on October 17, 2002 (= PH NL 02.1038). The mirror function is obtained by 
introducing a polarizing mirror or reflective polarizer instead of a partly reflecting layer in front 
5 of a display device. 

Although theoretically, in the display mode a full suppression of reflected light 
can be achieved with the present concepts while in the mirror mode full reflection of incident 
light is possible this is not achieved in practice. A wider range of possible embodiments is 
shown in the pending European Applications to select an optimal combination. A specific 
10 issue is that in the embodiments shown are based on industrially available polarizing mirrors 
(laminated retarder foils) in which the smoothness of the mirror surface is not guaranteed. 
Moreover the reflection in the embodiments is not optimal. 

The present invention has as one of its goals to overcome these problems at 

least partially. 

15 To this end a polarizing mirror according to the invention has at its non- 

viewing side between the display device and the polarizing mirror a switchable polarizer 

The switchable polarizer may be switchable between a state passing light of 
the first kind of polarization and reflecting light of the second kind of polarization and a state 
passing light of both kinds of polarization. It may on the other hand be switchable between a 

20 state passing light of the second kind of polarization and a state reflecting light of the first 

kind of polarization and a state passing light of both kinds of polarization. In the latter case a 
retarding layer is provided between the polarizing mirror and the switchable polarizer 
changing the kind of polarization from the first kind into the second kind or vice versa. The 
combination of the switchable polarizing mirror and the switchable polarizer guarantees a 

25 high reflection in the mirror state. 

Preferably the polarizing mirror and switchable polarizers are cholesteric 

polarizers. 



30 These and other aspects of the invention are apparent from and will be 

elucidated with reference to the embodiments described hereinafter. 
In the drawings: 

Figure 1 is a possible embodiment of a mirror device according to the 
invention, while 
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Figure 2 is a diagrammatic cross-section of a part of such a mirror device. 

Figures 3a, 3b are diagrammatic cross-sections of a part of a mirror device 
according to the invention, 

Figures 4a, 4b are diagrammatic cross-sections of a part of another mirror 
5 device according to the invention, while 

Figure 5 shows the bandwidth of the cholesteric mirror as function of time 
during manufacture and 

Figure 6 shows the temperature dependency of the bandwidth of such a 
cholesteric mirror. 

1 0 The Figures are diagrammatic and not drawn to scale. Corresponding elements 

are generally denoted by the same reference numerals. 



Figure 1 shows a mirror device 1 for viewing purposes having on a glass plate 

15 or any other substrate 4 a mirror 2, in this example a cholesteric mirror, reflecting light, so a 
person 3 sees his image 3' (and further background, not shown). According to the invention 
the mirror (plane) in one state only reflects light of a first kind of polarization (twist, e.g. 
right-handed), but passes light of a second kind of polarization (the opposite twist, left- 
handed). Furthermore the mirror is provided with a display device 5 at its non- viewing side 

20 (see also Figure 2). 

The display device 5 in this example is a liquid crystal display device having 
between two substrates (glass or plastic or any other suitable material) a liquid crystal 
material 7. Since most liquid crystal display devices are based on polarization effects the 
display 5 during use substantially emits polarized light. In general light from a backlight 10 is 

25 modulated by the liquid crystal display effect. Since the liquid crystal display device is based 
on a polarization effect the display device 5 comprises a first polarizer 8 and a second 
polarizer (or analyzer) 9, which passes light of a certain polarization (twist). 

If this light of a certain polarization twist has the same polarization twist as the 
second kind of polarization, it passes the mirror (plane) 2 without any loss of light (100 % 

30 transmission). 

Since most liquid crystal display devices are based on modulation of linearly 
polarized light, usually linear polarizers 8, 9 are used. Since the mirror 2 is base on a circular 
polarization effect light from the display is given a circular polarization by means of a (not 
shown) quarter lambda plate. 
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On the other hand in certain applications it may even be attractive to polarize 
light from e.g. an (O)LED or other display to obtain the effect of a high contrast of displayed 
information with respect to reflected images in mirror applications. 

Figure 3a, 3b show a part of a mirror display device according to the invention 
5 in which the mirror 2 is switchable between a state passing light of the second kind of 
polarization and reflecting light of the first kind of polarization (Figure 3b) and a state 
passing light of both kinds of polarization (Figure 3a). In this example the mirror 2 is a 
switchable cholesteric polarizer. 

According to the invention a second switchable (cholesteric) polarizer 1 1 is 

10 provided between the display device 5 and the polarizing mirror 2, which switchable 

polarizer 1 1 is switchable between a state passing light of the first kind of polarization and 
reflecting light of the second kind of polarization and a state passing light of both kinds of 
polarization. As the display device 5 a liquid crystal display device 15 is used, comprising a 
further quarter lambda plate 6. Since most liquid crystal display devices are based on 

15 modulation of linearly polarized light, light from the display is given a circular polarization 
by means of a (not shown) quarter lambda plate. In this case (Figure 3a, showing the display- 
mode) the display device 5 emits light of the second kind of polarization (circularly (left- 
handed) polarized light, arrow 20). Since both the switchable (cholesteric) polarizer 1 1 and 
the polarizing mirror 2 are in a state passing light of both kinds of polarization (off-state), this 

20 circularly (left-handed) polarized light passes both the polarizer 1 1 and the polarizing mirror 
2 (arrows 20', 20"), leading to a transmission of (theoretically) 100%. For the same reason 
incident light 30 passes both the polarizing mirror 2 and the polarizer 1 1 (arrows 30', 30"), 
after which it is absorbed in the display device 5, although some (non -) polarized light 3 1 (or 
any other spurious light) may be reflected in this display-mode. 

25 In the mirror-mode (Figure 3b) the display device 5 emits light of the second 

kind of polarization (circularly (left-handed) polarized light, arrow 20), while the switchable 
(cholesteric) polarizer 1 1 reflects of the second kind of polarization (arrow 20'), which is 
absorbed again in the display device 5. 

The polarizing mirror 2 now partly (50%) reflects (one polarization twist 

30 (right-handed), in this example indicated by arrow 35) of the incident light (arrow 30) and 
passes circularly (left-handed) polarized light (arrow 30', the remaining 50%). The 
switchable (cholesteric) polarizer 1 1 reflects said (left-handed) polarized light again, while 
the polarizing mirror 2 passes said light (arrows 35', 35"), leading to a reflection of 
(theoretically) 100%. 
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In the example of Figure 3 both the polarizing mirror 2 and polarizer 1 1 are 
switched off. In this case there is no mirror and the display can be observed without a 
reflection superimposed on it. If only the cholesteric mirror 2 is activated and becomes 
transparent ail the light originating from the LCD becomes transmitted while half of the 
5 ambient light becomes reflected. In this mode the display can be used as a half mirror. 

In the example of Figure 3 switchable cholesteric mirror 2 is shown in 
combination with a switchable cholesteric polarizer of the opposite sense (reflecting 
respectively left-handed and right-handed polarized light). Figures 4a, 4b in a similar way 
show a device having a similar switchable cholesteric mirror 2 but this time in combination 

10 with switchable cholesteric polarizer of the same sense (both are reflecting left-handed (or 

right-handed ) polarized light). The same effect as described with respect to Figure 3 can now 
be obtained by introducing a Vi lambda retarder 12 between the cholesteric mirror 2 and the 
switchable cholesteric polarizer 1 1 . The Vi lambda retarder 1 2 may be a broadband retarder 
but preferably is centered around wave-lengths of 570nm. As a result, substantially all 

15 incident light in principle is reflected in the display mode. Also the effects of spurious light 
are diminished. Light passing the cholesteric polarizers described above may become 
elliptically polarized at lager angles of incidence. In order to compensate for the elliptically 
it extra retarders can be used with a negative birefringence within the system. Such a retarder 
can be placed for example underneath the Vi lambda retarder of Figures 4a, 4b when 

20 cholesteric polarizers of the same sense is used. When the cholesteric polarizers haveg the 
same sense, only a retarder with a negative birefringence is used without the need for Vi 
lambda retarder. 

A switchable cholesteric polarizer (mirror) 2, 1 1 can be produced by 
polymerizing mono and diacrylates in the presence of non-reactive LC molecules in the 

25 chiral nematic phase. During polymerization some of the mixtures show the tendency of to 
phase separation This tendency could be influenced by various parameters. For example 
factors determining the kinetic chain length such as the initiator concentration and the UV 
intensity had a profound influence on the width of the reflection band. As known with 
increasing molecular weight of the polymer, its miscibility with a monomer decreases. In the 

30 gels during polymerization such a phase separation leading to concentration fluctuations 

occurs. These fluctuations are fixed by the presence of the cross-links and the system further 
remains kinetically stable. As a function of time and temperature, no homogenization or 
change in the structure of the network is observed. Such a phase separation has also been 
observed for gels containing only diacrylate molecules. It was also found that when 
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compounds referred to as excited state quenchers were added to the monomeric mixtures 
further increase in the bandwidth of the cholesteric mirror can be obtained. The change in the 
bandwidth of the cholesteric mirror as function of time for a system containing excited state 
quencher is shown in Figure 5. It can be seen that after a certain time the width of the band 
5 starts increasing before reaching a certain value where after it remains the same. 

The temperature dependency of the bandwidth of the cholesteric mirror is 
shown in Figure 6. With increasing temperature the position of the reflection band remains 
almost constant and only a slight decrease can be observed in the width of the reflection 
band. These broad band cholesteric gels could be switched reversibly between silver colored 
10 reflecting and non-reflecting transparent states. Upon application of the electric field, the 
cholesteric structure disappears and the cell becomes transparent. Upon removal of the 
voltage, the cell reverts to the silver colored reflecting state very rapidly. 

The protective scope of the invention is not limited to the embodiments 
described. For instance, since the mirror 2 has a polarizing effect the second polarizer (or 
15 analyzer) 9 in Figure 2 may be deleted, if wanted. 

Although a backlit transmissive liquid crystal display device has been 
described, the use of reflective liquid crystal display devices is not excluded. 

On the other hand as shown light from e.g. an (O)LED, a plasma displays or 
electrophoretic display may be polarized or it may even be attractive to use other display 
20 effects to obtain the effect of a high contrast of displayed information with respect to 
reflected images in mirror applications. 

Also more than one display 5 can be integrated in the mirror, whereas many 
other applications areas can be thought of (rear view mirrors, fitting rooms, etcetera). In some 
applications, if a matrix form is used, with adequate driving circuitry the switching between 
25 mirror-state and display state can be done locally. 

The invention resides in each and every novel characteristic feature and each 
and every combination of characteristic features. Reference numerals in the claims do not 
limit their protective scope. Use of the verb "to comprise" and its conjugations does not 
exclude the presence of elements other than those stated in the claims. Use of the article M a" 
30 or "an" preceding an element does not exclude the presence of a plurality of such elements. 
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CLAIMS: 



1. A polarizing mirror (1) for viewing purposes having a first plane (2) reflecting 

light of a first kind of polarization (20') to a viewing side, the mirror passing light of a 
second kind of polarization (20") and being provided with a display device (5) at its non- 
viewing side, which display device during use provides light of the second kind of 
5 polarization, the polarizing mirror being switchable between a state passing light of the 
second kind of polarization and reflecting light of the first kind of polarization and a state 
passing light of both kinds of polarization the polarizing mirror having at the non viewing 
side between the display device and the polarizing mirror a switchable polarizer (11). 

10 2. A polarizing mirror as claimed in claim 1, having at the non viewing side 

between the display device and the polarizing mirror a switchable polarizer being switchable 
between a state passing light of the first kind of polarization and reflecting light of the second 
kind of polarization and a state passing light of both kinds of polarization. 

15 3. A polarizing mirror as claimed in claim 1, having at the non viewing side 

between the display device and the polarizing mirror a switchable polarizer being switchable 
between a state passing light of the second kind of polarization and reflecting light of the first 
kind of polarization and a state passing light of both kinds of polarization, a retarding layer 
(12) being provided between the polarizing mirror and the switchable polarizer changing the 

20 kind of polarization from the first kind of polarization into the second kind of polarization or 
vice versa. 

4. A polarizing mirror as claimed in claim 3, the retarding layer comprising a Vi X 

foil, X having a value of 500 -600 nm 

25 



5. A polarizing mirror as claimed in claim 1, the polarizing mirror and switchable 

polarizers being cholesteric polarizers. 
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6. A polarizing mirror as claimed in claim 5, the display device comprising a 

partial display emitting polarized light having at the emitting side a 1/4 X foil, X having a 
value of 500 -600 nm. 

5 7. A polarizing mirror as claimed in claim 5, the display device comprising a 

partial display emitting non-polarized light having at the emitting side a Vi X foil, X having a 
value of 500 -600 nm. 

8. A polarizing mirror as claimed in claim 4, the retarding layer having a double 
1 0 layer comprising a retarder with a negative birefringence. 

9. A polarizing mirror as claimed in claim 1 having a band width of at least 
50nm. 

15 10. A polarizing mirror as claimed in claim 1 reflecting in the visible range of the 

spectrum. 



WO 2005/050267 



1/3 



PCT/IB2004/052451 




FIG.1 




WO 2005/050267 



2/3 



PCT/IB2004/052451 



Off 



Off 



30 



10 
i 

O 


0% | 




i 

o 


3C 

} 


t 




i 


I 

o 

k 20 Jo 


i 

c, 

|31 



FIG. 3a 



35 100% 
0% 30 ™ 0% I 50% .35" 

to 



on 



30' 



50% 



-11 



on 



-35' 



-6 
-15- 



n 20 



^25 



FIG. 3b 



100% 



off 



off 



30 



i 









FIG. 4a 



35 



100% 



on 



0% ~ n 100% 50% 50%, 35 » 



-12 



4 ▼ 



50% 



i 

o 








i 

0 


L 20 


i 

o 





-11 



on 



Cr 



-6 
-15 



il 20 



FIG. 4b 



WO 2005/050267 



3/3 



PCT/IB2004/052451 





FIG.6 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G02B5/08 G02F1/1335 



According to International Patent Classification (IPC) or to both national classification and IPC 



Interi^Biai Application No 

PCT/IB2004/052451 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 G02B G02F 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 98/38547 A (REVEO, INC; FARIS, SADEG, 
M; LI, LE; LI, JIAN-FENG) 
3 September 1998 (1998-09-03) 
page 1, line 5 - line 25 
pages 63,64; figures 14,14A,14C,14E,14G 
page 91, line 25 - page 92, line 8 

■ line 18 

■ line 19 

■ page 59, line 6; figures 



1-10 



line 
line 



page 67, 
page 54, 

page 58, line 7 - 
10E,10F 
page 34, line 25 
page 39, line 7 - 



■ page 35, line 2 
line 19; figure 2E1 



US 5 194 744 A (AOKI ET AL) 
16 March 1993 (1993-03-16) 
column 3, line 34 - line 41 



| X[ Further documents are listed in the continuation of box C. 



m 



Patent family members are listed in annex. 



"E 



° Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

earlier document but published on or after the international 
filing date 

document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 
"O" document referring to an oral disclosure, use, exhibition or 
other means 

*P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

M &" document member of the same patent family 



Date of the actual completion of the international search 



25 February 2005 



Date of mailing of the international search report 

0 2. 03. 2005 



Name and mailing address of the ISA 

European Patent Office, P.B. 581 8 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Seibert, J 



Form PCT/ISA/210 (second sheet) (January 2004) 



INTERNATIONAL SEARCH REPORT 



Intern^Hai Application No 

PCT/IB2004/052451 



C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5 550 661 A (CLARK ET AL) 

27 August 1996 (1996-G8-27) 

column 1, line 33 - column 2, line 56 



WO G3/079318 A (PHILIPS) 
25 September 2003 (2003-09-25) 
cited in the application 
page 8, line 5 - line 8 
page 8, line 23 - line 25 



7,10 



Form PCT/ISA/210 (continuation of second sheet) (January 2004) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



InternaVBhai Application No 

PCT/IB2004/052451 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



1 1 C" 

US 


5940150 


A 


17- 


-08- 


-1999 


A 1 1 

AU 


6439498 


A 


18- 


-09- 


-1998 


EP 


0968456 


Al 


05- 


-01- 


-2000 


JP 


2001513908 


T 


04- 


-09- 


-2001 


US 


2002085151 


Al 


04- 


-07- 


-2002 


US 


6072549 


A 


06- 


-06- 


-2000 


us 


6661486 


Bl 


09- 


-12- 


-2003 


us 


2002039156 


Al 


04- 


-04- 


-2002 


wo 


9838547 


Al 


03- 


-09- 


-1998 


us 


2003071937 


Al 


17- 


-04- 


-2003 


us 


2001003473 


Al 


14- 


-06- 


-2001 


us 


2002113921 


Al 


22- 


-08- 


-2002 


1 1 C* 

us 


2002057400 


Al 


16- 


-05- 


-2002 


us 


2002041346 


Al 


11- 


-04- 


-2002 


us 


2003210373 


Al 


13- 


-ii- 


-2003 


us 


2004095531 


Al 


20- 


-05- 


-2004 


us 


6535268 


Bl 


18- 


-03- 


-2003 


us 


6671008 


Bl 


30- 


-12- 


-2003 


us 


2004141120 


Al 


22- 


-07- 


-2004 


us 


2004095523 


Al 


20- 


-05- 


-2004 


us 


2004150772 


Al 


05- 


-08- 


-2004 


us 


2004160538 


Al 


19- 


-08- 


-2004 


us 


2005007505 


Al 


13- 


-01- 


-2005 


us 


2005007506 


Al 


13- 


•01- 


-2005 


us 


2002118328 


Al 


29- 


-08- 


-2002 



WO 9838547 



03-09-1998 



US 5194744 A 16-03-1993 JP 4030414 A 03-02-1992 

DE 69129925 Dl 10-09-1998 

DE 69129925 T2 18-03-1999 

EP 0458354 A2 27-11-1991 



US 5550661 A 27-08-1996 AU 1096995 A 06-06-1995 

W0 9514249 Al 26-05-1995 



WO 03079318 A 25-09-2003 AU 2003253709 Al 29-09-2003 

EP 1488403 Al 22-12-2004 

W0 03079318 Al 25-09-2003 



Form PCTrtSA/210 (patent family annex) (January 2004) 



